Background: Successful reperfusion after endovascular thrombectomy (EVT) correlates with good outcome. However, radiographic reperfusion does not always translate into good clinical outcomes even if the reperfusion occurs early after the stroke onset. Reasons for neurological worsening (NW) are thought to be many, such as progression of the stroke, hemorrhagic conversion post tissue plasminogen activator and/or EVT, and procedural complications such as vessel dissection or perforation, distal emboli, and re-occlusion. Data on patients worsening in the acute phase after EVT are limited. Objective: We studied the factors associated with acute NW and also identified the predictors of NW after EVT and its association with poor outcome at discharge. Methods: A retrospective cohort from a single comprehensive stroke center includes patients with acute ischemic stroke and large vessel occlusion in anterior and posterior circulation who presented between December 2014 and May 2017 and received EVT were reviewed. Primary outcome was defined as acute NW defined as change in NIHSS ≥4 from baseline in the first 24 h after EVT. Secondary outcome were modified Rankin scale (mRS) 0-2 at discharge and final infarct volume. Univariate and multivariate analyses were performed to evaluate clinical and radiographic variables independently correlating with NW after EVT. Receiver operating curve analysis was also performed to identify predictors. Results: 178 patients were included in the analysis, 26 (14.7%) met the criteria for acute NW. For these 178 patients, the median age was 63 (IQR 53-74, range 26-89), baseline median NIHSS was 19 (IQR 14-24, range 5-37), ASPECTS was 8 (IQR 7-9, range 4-10), admission median systolic blood pressure (SBP) was 150 (IQR 131-170, range 94-287), and initial median blood glucose (BG) was 123 (IQR 106-157, range 69-433). The most common reasons for worsening were progression of the stroke (42.3%) and reperfusion injury PH-2 (26.9%) (p < 0.0001). Univariate logistic analysis showed that race, ASPECTS, collateral score, diabetes mellitus, admission SBP, and admission BG were associated with acute NW. In multivariate analysis, only admission BG (OR 1.00, CI 1.00-1.01, p = 0.04) was found to have a significant association with acute NW. We ran a prediction analysis for variables and found the area under the curve to be 0.75. Finally, there was strong association between NW and poor outcome at discharge (MRS 3-6, p < 0.01) by Fisher's exact test. About 46.1% in the NW group died during hospitalization compared to 10% in the non-NW group (p < 0.0001). Conclusion: Our single-center retrospective cohort result is limited by small sample size. It showed that high admission BG is an independent predictor of NW after EVT and ultimately leads to poor outcome.
Introduction
Endovascular thrombectomy (EVT) has been proven to be the more effective treatment in large vessel occlusion (LVO) than best medical management. It has been shown in prior studies that various clinical, radiographic, periprocedural, and intraprocedural factors and work flow metrics play a key role in achieving a timely successful reperfusion that translates into good clinical outcome [1] [2] [3] . Clinical improvement, i.e., improvement in baseline NIHSS, is often seen in the first 24 h after EVT [4, 5] . However, occasionally, despite achieving successful reperfusion (TICI 2b or 3) in a timely fashion, some patients do not improve, and some even experience acute neurological worsening (NW) after EVT. NW in the acute phase of stroke or after thrombolysis has been defined in several ways in the literature; the most common definition used is ≥4 points NIHSS from baseline in the first 24 h. The prevalence of acute NW varies between 13 and 38% after intravenous thrombolysis [6] . There are no good data on acute NW after EVT.
The possible reasons for deterioration after EVT have been postulated to be several, such as progression of the stroke, hemorrhagic conversion, re-occlusion, vessel perforation and infarction in the new territory, and distal embolization [7] . Hyperglycemia has been shown to be one of the modifiable factors that are commonly associated with unfavorable outcome in ischemic stroke patients who have been treated with IV tissue plasminogen activator (tPA). It has been linked to increase risk of symptomatic intracerebral hemorrhage, poor functional outcome, and less recanalization after IV tPA. No studies have yet reported the influence of hyperglycemia on the treatment effect of EVT. There is limited data on factors that are associated with acute (in the first 24 h) NW after EVT, which in turn leads to poor outcome. The aim of this study was to identify predictors of acute NW after EVT.
Methods
Data from all consecutive patients treated with EVT for anterior and posterior circulation strokes at our comprehensive stroke center from 2015 to 2017 were retrospectively collected. The patients were treated with IV tPA if they presented within 3-4.5 h from symptom onset and met the standard criteria for tPA. If there were no contraindications, consent was obtained from a family member or legal representative present, and the patient was taken directly for EVT. NW was defined as increase in NIHSS ≥4 points from the baseline NIHSS in the first 24 h post EVT.
The selection criteria for EVT were acute ischemic stroke (AIS) with LVO. The treatment window was 6 h from symptom onset for anterior circulation or beyond 6 h and/or wake-up strokes based on the patient's clinical and imaging findings as specified in our institute's protocol, and up to 24 h for posterior circulation strokes. The patients were identified based on brain CT (ASPECTS 6 or more), CT angiogram (presence of LVO), and CT perfusion (with a mismatch ratio of > 1.2 or core of < 70 mL) [8] . In some selected patients, brain MRI was performed if posterior circulation stroke was suspected. The occlusions treated included extracranial internal carotid artery, tandem occlusion, M1 segment of middle cerebral artery (MCA), M2 segment of MCA, and basilar artery.
Baseline demographics of the patients were collected. Admission NIHSS, systolic blood pressure (SBP), and blood glucose (BG) were also recorded. The NIHSS was acquired at the time of presentation and prior to thrombectomy. Intracranial bleeding was classified in hemorrhagic infarction types 1 and 2, and parenchymal hemorrhage types 1 and 2, and subarachnoid hemorrhage. Symptomatic intracranial hemorrhage was defined following ECASS II definition [9] .
Time metrics including time from stroke onset, onset to groin puncture, door to groin puncture, and time to recanalization were collected. The use of intra-arterial thrombectomy treatment was recorded, and if patients received any additional interventions besides thrombectomy, such as angioplasty, stenting was IQR, interquartile range; ASPECTS, Alberta Stroke Program Early CT Score; LKW, last known well. * ASPECTS/collateral score was not measured in all patients due to several reasons noted in the main body of the paper. § Based on TOAST classification. also recorded. Number of passes were also collected. Reperfusion was assessed by the modified thrombolysis in cerebral infarction (mTICI) score, with TICI 2b or 3 considered successful reperfusion. Major procedurerelated complication (including vascular perforation or dissection, distal embolism in a different territory) was collected.
Stroke mechanism according to the TOAST classification were recorded. Clinical outcome was assessed at discharge using modified Rankin scale (mRS); good outcome was defined as discharge mRS 0-2. Final infarct volume (FIV) on DWI sequence at 24 h were also measured for patient using OsiriX software.
Statistical Analysis
Descriptive statistics were provided for the baseline clinical, radiographic, and procedural variables (Table 1) . Two-sample t test or Wilcoxon rank sum test were used to compare the NW and non-NW group for continuous variables, and Chi-square test and Fisher's exact test were used to compare the two groups for categorical variables. Univariate logistic regression analysis was used to model the probability of NW on individual patient predictors including demographic, clinical, and radiographic variables. Variables with p values less than 0.1 were included in the final multivariable logistic regression model. Finally, the association between the reasons of NW and mRS at discharge were evaluated by Fisher's exact t test. Regression plots were created between change in NIHSS and FIV and mRS at discharge. We also performed receiver operating characteristic analysis on variable(s) that were found to have strong association based on multivariable logistic analysis. All statistical analyses were performed in SAS 9.4 (Cary, NC, USA).
Results
Of the 178 patients screened, 26 (14.7%) were identified to have experienced NW in the first 24 h after EVT. Median NIHSS was 5 (IQR 1-11) for NW in the first 24 h. Median age of our patient population was 63 (IQR 53-74, range 26-89), median baseline NIHSS was 19 (IQR 14-24, range 5-37). There were 18 posterior circulation strokes (10.1%). Four of the 178 (2.2%) patients did not receive tPA as they did not meet the standard criteria. Median ASPECTS was 8 (IQR 7-9, range 4-10). In patients with posterior circulation strokes, we did not measure ASPECTS scores or collateral scores (CS).
The baseline characteristics of patients according to NW are presented in Table 1 . The prevalence of atrial fibrillation and use of anticoagulation was higher among patients without NW (21.7 and 9.9% vs. 11.5 and 0%, p = 0.30 and 0.13) than with NW. Baseline median SBP was higher among patients with NW than without (164 vs. 149, p = 0.02). Initial median BG at presentation was also higher in patients with acute NW than without (153 mg/dL vs. 120.5 mg/dL, p < 0.01). Median NIHSS (19.5 strokes and did not have a CS. Median CT ASPECTS and baseline NIHSS were similar between the two groups. The time from door to groin puncture and time to recanalization were similar between the two groups ( Table 1 ). There were 4 wake-up strokes in the cohort, all belonged to the group without neuro-worsening. Among patients with acute NW, a TICI score < 2a was only present in 5 (19.2%) patients. Successful reperfusion (TICI 2b or 3) occurred in 49.7% of patients in our cohort. Out of 26 patients in the NW group, 21 (80.8%) achieved successful recanalization (TICI 2b or 3). Univariate analysis showed race, low ASPECTS, poor CS, and prevalence of diabetes mellitus (DM) and presence of higher admission BG and higher initial SBP were associated with NW. In our multivariate analysis, we found admission BG was associated with acute NW (OR 1, CI 1.0-1.01, p = 0.04) ( Table 2 ). Based on multivariate logistic regression and constructed receiver operating curve from clinical prediction rules (graph), which showed an area under the curve of 0.75, a modest accuracy of predicting acute NW based on the above variables was found (Fig. 1) . Strong correlation was found between change in NIHSS at 24 h and FIV and mRS at discharge (Fig. 2) . Median FIV was higher in the acute NW group (114 cm 3 , IQR 20.7-150) versus the non-NW group (29 cm 3 , IQR 8.6-66.8) (p = 0.01). Mortality was higher in the NW group, with 46.1% died during the hospitalization compared to the non-NW group with 10% (p < 0.001) (Fig. 3) . Among patients in the NW group, 2 patients had re-occlusion and 0 patient had emboli to new territory.
Discussion
The current retrospective study is one of the first studies to evaluate acute NW after EVT in the first 24 h. In this single retrospective study, we observed acute NW occurred in 14.7% of patients. Acute NW after EVT in AIS in our cohort was associated with poor outcome at discharge (MRS 3-6) (p < 0.01). African American race, low ASPECTS, poor CS, history of DM, high admission SBP, and high initial BG were associated with NW in our cohort. High admission BG was found to be the only predictor of acute NW. Initial admission hyperglycemia in AIS patients is often associated with worse outcome and even mortality [10] . Unfortunately, almost 40% of stroke patients present with hyperglycemia [11] . Hyperglycemia after acute stroke may be attributable to several underlying mechanisms, which include a nonspecific reaction to acute stress, autonomic, hormonal, and metabolic alteration as a result of tissue injury, and activation of the hypothalamo-hypophyseal adrenal axis. In animal studies, it has been shown that hyperglycemia can lead to an increase in infarct size. The possible mechanisms of glucose-mediated increase in cerebral infarct size include poor blood flow to the ischemic penumbra, changes in cerebral metabolism, increase in N-methyl-D-aspartate receptor-mediated calcium into the neurons, increase in local edema, and most importantly, glucose-mediated increases in oxidative stress and inflammation [12] . In our study, DM and hyperglycemia were found to be associated with acute NW; however, the DM association was lost in multivariable analysis due to our small sample size. Hyperglycemia without pre-existing DM is also linked to mortality and morbidity in stroke patients Modified Rankin score at discharge: distribution between the two groups. [13] . BG at admission level of ≥116 mg/dL was an independent predictor of poor outcome in patients without diabetes [14] . In previous studies, lower ASPECTS was associated with risk of intracranial hemorrhage, poor neurological outcomes, and increased mortality after endovascular treatment of AIS [15] . In our study patients with acute NW post thrombectomy, the median ASPECTS was the same in both groups. However, in univariate analysis, ASPECTS showed a trend towards significance and was associated with NW (OR 0.27, CI 0.06-1.19, p = 0.08). High NIHSS on admission previously has been correlated with poor outcomes after thrombolysis and or EVT [16] . In our study, both groups had high median NIHSS on admission; it was relatively higher in the group without NW but not statistically significant.
Collateral flow may influence the risk of hemorrhagic transformation after reperfusion treatment in patients with ischemic stroke. Patients with good collaterals have a lower risk of hemorrhagic transformation. Collateral status can predict the FIV and clinical outcomes after revascularization treatment [17] . Poor collateral status (0-2a) was not statistically different between the two groups.
The time from onset to recanalization (< 5 h) was almost similar between the two groups. Shorter recanalization time has been associated with the absence of infarct growth and improved functional outcomes [18] . Acute internal carotid artery occlusions and vertebrobasilar occlusions are known to be associated with poor outcomes. The correlation may result from a high initial infarct volume with proximal arterial occlusion and technical difficulties in recanalization, resulting in longer time to achieve the occluded vessel. In our study patients in the NW group, 3 patients had a basilar occlusion, 3 had a carotid T occlusion, and 3 patients received angioplasty and stenting (1 vertebral, 1 MCA, and 1 carotid). About 81% of the patients in the acute NW group achieved successful recanalization (TICI 2b-3), only 19% of patients had unsuccessful recanalization. Despite achieving full recanalization, these patients worsened and ultimately had poor outcomes. Number of passes > 3 has been identified as a predictor of poor outcomes in previous studies. In our cohort of patients with acute worsening, only one patient had > 3 passes.
Blood pressure is largely a surrogate for cerebral perfusion pressure and has been shown to affect clinical outcomes in AIS patients. Outcomes are generally worse in those who present with either low or severely elevated blood pressure. Elevated blood pressure has been found to be associated with hemorrhagic transformation of cerebral infarction [19] . In our study, patients with NW had significantly higher median blood pressures (initial SBP of 164 mm Hg) compared with the group that did not have worsening (median initial SBP 149).
The most common reason for acute NW in our cohort was found to be progression of the stroke (42.3%). The second common reason was reperfusion injury with parenchymal hematoma type 2 (26.9%). Only 2 patients had re-occlusion of the parent vessel that led to worsening in our study.
Our study has multiple limitations, the most important of which are the retrospective study design that is prone to selection bias and the small heterogeneous sample size. Another limitation is that we did not use any independent reviewers to adjudicate recanalization grades in our study. This is a single-center retrospective analysis and caution should be exercised in generalizing the results obtained in our study.
Conclusion
We found admission BG to be an independent predictor of acute NW after EVT in our study. This finding helps us identify which patients might worsen after EVT and how we can optimize this treatment modality in AIS patients. We are planning a prospective study to test whether better BG control in acute stroke patients reduces NW in those who undergo EVT for LVO.
